Three hundred sixty-six adult patients in Namibia with second-line virologic failures were evaluated for human immunodeficiency virus drug-resistant (HIVDR) mutations. Less than half (41.5%) harbored ≥1 HIVDR mutations to standardized second-line antiretroviral therapy (ART) regimen. Optimizing adherence, viral load monitoring, and genotyping are critical to prevent emergence of resistance, as well as unnecessary switching to costly third-line ART regimens.
In 2016, globally, 54% of people living with human immunodeficiency virus (HIV) were estimated to be on antiretroviral therapy (ART), and, between 2005 and 2016, acquired immune deficiency syndrome (AIDS)-related deaths decreased by 48% [1] . The 2016 World Health Organization guidelines for ART in low-and middle-income countries recommends implementing routine viral load (VL) testing to detect virologic failure (VF) and to monitor treatment response to ART. However, limited availability of VL monitoring and delayed switching to second-line ART in some settings could contribute to the accumulation of HIV drug resistance (HIVDR) in populations living with HIV/AIDS in sub-Saharan Africa (SSA).
The Namibian National ART guidelines recommends VL testing 6 months after switching to second-line ART. If the VL level is >1000 copies/mL, intensive adherence counseling is performed and VL testing is repeated after 3 months. If the follow-up VL level is >1000 copies/mL, the patient is considered to have second-line VF and is referred to the Central Clinical Committee for HIVDR testing to determine the antiretroviral (ARV) combination needed for a third-line regimen based on observed mutations.
METHODS
A retrospective data review of laboratory genotyping results was conducted for adult patients (>15 years) treated with a second-line ART regimen containing lopinavir/ritonavir (LPV/r) and 3 nucleoside reverse-transcriptase inhibitors (NRTIs) with VF who had HIVDR tests performed between 2010 and 2015. During the study period, Namibia's first-line ART was lamivudine (3TC), tenofovir (TDF), and nevirapine (NVP) until 2014, then changing to emtricitabine (FTC), TDF, and efavirenz (EFV). Second-line ART consisted of zidovudine (ZDV), 3TC, TDF, and LPVr. Third-line ART is determined on a case-bycase basis by the HIVDR Clinical Review Committee using clinical history and genotype results [2] . Between 2010 and 2015, a total of 898 adult and pediatric patients suspected of failing second-line ART had genotyping requested, and this investigation evaluated the prevalence and patterns of HIVDR mutations in adults with suspected second-line VL failure with genotype results.
We identified 366 adult patients with HIVDR results available. The HIVDR mutations causing low-, intermediate-, or high-level of resistance, using the Stanford HIVdb algorithm, were identified. Resistance patterns were analyzed for any association with gender and age.
RESULTS
A total of 366 adult patients with genotype results were included, 51.1% were female, and the median age was 40 (interquartile range, 33-47). Human immunodeficiency virus-1 subtype C represented 90% of cases, followed by recombinants B/C (5%), and 08_BC/C, and CRF02_AG (3% each).
Overall, 58.5% (214 of 366) of the patients demonstrated no HIVDR mutations, and 41.5% harbored 1 or more HIVDR mutations. The prevalence of the most common mutations observed for NRTIs were as follows: any 138 (37.7%); M184V 114 (31.1%); T215Y/F 46 (12.6%); D67N 36 (9.8%); M41L 32 (8.7%); K219Q/E 31 (8.5%); K70R 26 (7.1%); and L210W 15 (4.1%). For protease inhibitors (PIs), the most common mutations observed were as follows: any 37 (10.1%); V82A 25 (6.8%); M46I/L 24 (6.6%); L76V 12 (3.3%); I54V 10 (2.7%); L90M 7 (1.9%); and I84V 6 (1.6%). Of all patients with resistance to PIs (n = 37), 20 (54.1%) also had thymidine analogue mutations (TAMs). Of those with both PI HIVDR and TAMs, 8 (40%) had 2 TAMs and 11 (55%) had ≥3. Of the 20 total cases with PI HIVDR and TAMs, 6 patients (30%) had both type 1 and type 2 TAMs, with the remainder having only type 1 (n = 8, 40%) or only type 2 (n = 6, 30%).
A total of 152 (41.5%) patients had HIVDR mutations to the standardized second-line ARV drugs (SLDs), including 45 (12.3%) with resistance to 1 drug, 30 (8.2%) with resistance to 2 drugs, 61 (16.7%) with resistance to 3 drugs, and 18 (4.9%) with resistance to all 4 SLDs (Figure 1) 
DISCUSSION
This study has several important findings. First, 58.5% of the patients with second-line failure did not harbor any HIVDR to SLDs, suggesting that most VFs were not due to HIVDR. This observations suggests that intensified adherence counseling and management of side effects may be the best first approach to managing a detectable VL after starting second-line ART [3] . As reported in other countries in SSA [4] , the high rates of no HIVDR detected in patients suspected of failing second-line ART highlights the importance of routine HIV VL monitoring for early detection of ART nonadherence, followed by genotype testing for patients clearly suspected of failing second-line ART. This approach can help prevent unnecessary switching to costly third-line drugs, which should be preserved for patients with confirmed second-line ART failure [5, 6] . Inappropriate switching to second-and third-line ART drains limited resources, with recent pricing data estimating the cost of first-line ART at US dollars (USD)$106, compared with second-line ART at USD$286 and third-line ART at USD$1859 [7] .
Second, any resistance to the NRTI backbone used in second-line ART regimens was observed in 138 (37.7%), of which 32 (23.2%), 31 (22.5%), and 75 (54.3%) patients were resistant to 1, 2 or 3 drugs, respectively. The NRTI resistance observed could partially or completely render the NRTI backbone ineffective in patients being evaluated for third-line ART. However, the low PI resistance rate (10.1%) to LPV/r observed in this study is reassuring, considering that genotypic resistance testing may not accurately predict NRTI activity when prescribing protease inhibitor-based ART to patients failing second-line ART. The PI-based regimens have demonstrated full virologic suppression in this setting, even with no predicted NRTI activity, suggesting a role for NRTI resistance mutations in reducing viral fitness [8] .
Third, the 10.1% of patients who had resistance to LPVr were considered to have true second-line VF, and this finding highlights the need for HIVDR testing for second-line ART patients with true VF (not VF secondary to poor adherence) to ensure these patients are prescribed effective third-line ART regimens.
Finally, the prevalence rates for overall, class-and drug-specific HIVDR in this study were comparable to HIVDR prevalence studies that have been performed in other countries in SSA [9] [10] [11] .
CONCLUSIONS
This study demonstrated extensive NRTI resistance mutations and emerging PI resistance in patients failing second-line ART in Namibia, supporting the importance of optimizing ART adherence, routine VL monitoring to detect early emergence of VF, and genotypic analysis before initiating third-line ART [4] . These findings also underscore the need for increased access to salvage ARVs (eg, durable PIs and integrase strand transfer inhibitors) to ensure that patients failing second-line ART are able to switch to efficacious, third-line ART regimens to prevent the further accumulation of HIVDR.
There are 2 limitations to this study. First, there was no access to individual patient ART regimen history, duration on ART, adherence data, or other clinical information that would have been useful for further interpreting findings. Second, the sample size was relatively small, limiting the power to detect associations and assess confounding factors. The findings of this study provides important information that can be used programmatically for the management of patients with VF on second-line PI-containing regimens in Namibia. 
